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Abstract

Several neurological manifestations and complications linked to SARS-CoV-2 have been reported along with well-known
respiratory pathology. The global active transmission of SARS-CoV-2 and its unexplained characteristics has led to a pandemic.
Since its rapid emergence from Wuhan, China, in December 2019, several studies have reported the impacts of COVID-19 on the
CNS and PNS and its implications. This comprehensive review article comprises case reports, case series, metaanalysis, cohort
studies, retrospective studies, and narrative reviews focusing on COVID-19-associated CNS and PNS complexities. The authors
searched for over 200 articles and used 52 publications related to the neurological complexities of COVID-19 affecting the CNS
and PNS as part of the literature review process. The predominant CNS symptoms noted in COVID-19 patients were headaches
and dizziness, and the most common PNS symptoms were alterations in smell and taste. Case reports on headache/dizziness,
intracerebral hemorrhage, acute hemorrhagic necrotizing encephalopathy, meningitis/encephalitis, encephalopathy, cerebrovas-
cular events, chemosensory dysfunction, Guillain—Barre syndrome, and acute transverse myelitis/acute necrotizing myelitis in
PCR-confirmed SARS-CoV-2 subjects are also reported. New-onset neurological symptoms were also observed in children with
PCR-confirmed SARS-CoV-2 that developed pediatric multisystem inflammatory syndrome (PIMS). This comprehensive re-
view article will assist the clinicians and researchers to gain information about the neurological manifestations and complications
associated with COVID-19 and develop planning to treat these symptoms in concerned patients of all ages. However, it is unclear
whether SARS-CoV2-associated neurological effects are due to primary infections or secondary response to the possible mech-
anisms discussed in this review.
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Introduction On March 11, 2020, the World Health Organization (WHO)

declared COVID-19 a global pandemic affecting over 200
COVID-19 is a rapidly emerging RNA virus since its first ~ countries [1, 2]. Being a novel virus at the time of its initial
reported case in Wuhan, China, in December 2019 [1, 2].  exposure to the public, very little was known about the mech-
anisms and pathophysiology of the disease and what it ensued;
the outbreak of COVID-19 quickly spread worldwide leading
to a pandemic by March 2020. As of August 23, 2020, there
have been over 23,057,288 confirmed cases and 800,906
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Fig. 1 Clinical manifestations
and neurological involvement in
COVID-19
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SARS-CoV-2 patients from 41 published studies conducted
up to May 3, 2020. Based on literature reports, this compre-
hensive review aims to identify and understand the possible
mechanisms and neurological manifestations and complica-
tions of SARS-CoV-2 on the CNS and PNS.

Methodology

The authors of this review conducted a thorough literature
search using electronic databases such as PubMed, Google
Scholar, Pubmed Central, and other platforms to obtain related
research studies published from February 2020 to July 2020.
Selection of articles depended on keywords such as “corona-
virus”, “COVID-19”, “SARS-CoV-2”, “Mechanisms”
“Pathophysiology” “Neurologic manifestations”,
“Neurologic complications” “CNS symptoms” “PNS symp-
toms” “Neurological signs and symptoms” “Cerebrovascular
disease” “Encephalopathy” “Viral Encephalitis” “Meningitis”
“Systematic Literature Review” and “Literature Review”. The
authors covered retrospective studies, case reports,
metaanalyses, case series, and narrative reviews focusing on
COVID-19-associated central nervous system (CNS) and pe-
ripheral nervous system (PNS) manifestations and complica-
tions. Articles were then analyzed and incorporated based on
the applicability to the subject of study.

Presence of Neurologic Manifestations
and Complications of COVID-19

Possible Mechanisms
Although most reported cases of COVID-19 predominantly

present with pulmonary complications, an alarming number of
neurologic complications have been reported [4]. Literature
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analysis on COVID-19 and its neurological manifestations
have been reported and analyzed as to their associated presen-
tations in the central nervous system (CNS), peripheral ner-
vous system (PNS, and musculoskeletal system [1, 4].
Throughout a COVID-19 infection, the body is in a state of
hypoxia, inflammation, and hypercoagulability; these are the
possible mechanisms of neurological and cerebrovascular
events [6—8]. Critical COVID-19 patients can also exhibit in-
direct neurological symptoms due to severe pulmonary com-
plications needing ICU management [7].

Hypoxia

Hypoxia transpiring from severe respiratory distress and pneu-
monia from COVID-19 primarily affects the brain through
various physiological and compensatory changes, which se-
quentially result in neurological manifestation and pathology
[2]. Hypoxic effects result in metabolic acidosis, further caus-
ing intracellular accumulation of lactic acid, increasing free
radicals, and diminishing ATP production of neuronal cells
[6]. Decreased blood oxygen causes dilation of the intracranial
vasculature which increases the permeability of the neuronal
cell tissue fluid composition resulting in neuronal swelling,
interstitial brain edema, and injury [2, 6].

Immune-Mediated Response

The immune-mediated function in a body infected with
COVID-19 results in an immunopathogenic response to the
virus, causing self-harm [6]. This involves infection generat-
ing a significant response within the body, producing a cyto-
kine storm that increases inflammatory cells and cytokines
such as lymphocytes, macrophages, interferons, interleukins,
and chemokines [2, 5, 6, 9]. This overwhelming cytokine
storm response eventually results in end-organ damage—
causing multiple organ failure, neurological signs and
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symptoms, and mortality [2, 6]. COVID-19 patients often
have increased WBC'’s, neutrophils, and CRP observed in
laboratory reports, which poses a significant risk for cerebro-
vascular events for patients with underlying comorbidities
such as hypertension and diabetes [6].

Hypercoagulability

The hematologic profiles of COVID-19 patients attested a
hypercoagulable state with elevated D-dimer, fibrinogen,
prolonged PT, and decreased antithrombin levels [10—12]. A
case series study conducted by Wang et al., [11] reported three
cases of COVID-19 patients summarizing prothrombotic
complexities, demonstrating transient symptomatic clinical
improvements when managed with a tissue plasminogen acti-
vator (tPA). In addition, respiratory failure associated with
COVID-19 patients displayed microthrombi on autopsy re-
ports affirming a prothrombotic occlusive etiology rather than
typical findings of acute respiratory distress syndrome
(ARDS) [11]. This case series also reported that 71.4% of
subjects concluding in mortality met the International
Society on Thrombosis and Haemostasis’ (ISTH) criteria for
disseminated intravascular coagulation (DIC) [11]. The
prothrombotic complexities of COVID-19 may contribute to
the occlusive cerebrovascular events in patients who may de-
velop DIC [11, 12]. Anticoagulant therapy has shown to de-
crease the risk of venous thromboembolism and better prog-
nosis in COVID-19-related coagulopathy [13, 14].

Angiotensin-Converting Enzyme Il

The SARS-CoV-2 virus enters cells via the angiotensin-
converting enzyme (ACE) II receptor, which is found primar-
ily within the pulmonary alveolar cells; this receptor is also
found extrapulmonary in the vascular endothelial cells of the
GI tract, heart, and brain, functioning as a vasoconstrictor
regulating blood flow [15, 16]. The virus may enter the brain
via ACE Il receptor and cause disruption to the blood flow and
regulation in the vasculature, causing rupture of the arteries
[15, 17]. ACE II has endothelial and vasoprotective effects
regulating angiotensin II (Ang II), a potent vasoconstrictor0,
exerting vasodilatory effects [6, 18]. COVID-19 infection
may decrease the ACE II receptor expression, diminishing
their vasoprotective action [6, 18]. Subjects with COVID-19
demonstrated raised levels of Ang II, which were positively
correlated with the severity of lung injury and viral load. Ang
II further stimulates a proinflammatory immune response con-
tributing to atherosclerosis [6, 15].

Transsynaptic Transfer

Progressing data on the CNS invasion of SARS-CoV2 has
been documented for similar CoVs, suggesting a transsynaptic

transfer [16, 19]; invasion of the PNS further transferring to
the CNS by synapses [16]. Preliminary trials conducted on
mice with SARS-CoV34 or MERS-CoV 13 exhibited possible
entrance of the virus through the olfactory nerves via the crib-
riform plate and ethmoid bone and spread to the CNS localiz-
ing to areas such as the brainstem and thalamus [16, 17]. The
extrapulmonary CNS infection was also noted to be a signif-
icant constituent for mortality recorded in mice [16].

Central Nervous System-Related Symptoms

The central nervous system (CNS)-related occurrences in
COVID-19 patients include headaches, dizziness, seizures,
decreased awareness, ataxia, cerebrovascular accident (ische-
mic or hemorrhagic), delirium, acute necrotizing encephalop-
athy (ANE), acute encephalitis, and/or meningitis [1, 8, 20].
Among these signs and symptoms, headaches and dizziness
were the most predominant CNS symptoms [1].

Headaches and Dizziness

A metaanalysis conducted on clinical, laboratory, and imaging
features of COVID-19 from dates January 1, 2020, to
February 23, 2020, reported headache as the predominant
CNS symptom with a mean prevalence of 8% [21].

A retrospective, observational case series conducted from
January 16, 2020, to February 18, 2020, in Wuhan, China,
reported that 36.4% of patients presented neurological symp-
toms, of which 24.8% constituted of CNS and 8.9% PNS
manifestations, and were more prevalent in patients who had
a severe respiratory illness [22]. Among patients in the group
of CNS manifestations, 16.8% reported dizziness, and 13.1%
reported headaches [22]. The study also concluded that sub-
jects who developed neurological manifestations were older
patients with a mean age of 52.7 that had underlying comorbid
conditions, primarily hypertension [22]. Figure 2 illustrates
data obtained from this retrospective, observational case series
from 214 patients in Wuhan, China, from January 16, 2020, to
February 19, 2020 [22].

Another case series study of 1099 COVID-19 confirmed
subjects, 13.6% reported headache, and 14.9% reported my-
algia [7]. Headache is considered to be secondary to hypoxia,
causing a reduction in blood flow to the cerebral vasculature
and the body response to inflammatory mediators and cyto-
kines [17].

Wang and Lei et al. [5] conducted a systematic review plus
metaanalysis with nearly 4700 subjects from more than 41
published articles on COVID-19-associated neurological
manifestations. Prevalent symptoms include, fatigue
(33.2%), anorexia (30.0%), malaise (26.7%), dyspnea and
shortness of breath (26.9%), myalgia (16.0%), dizziness
(10.0%), headache (9.2%), confusion (5.2%), and nausea
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Fig. 2 Neurological
manifestations
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and vomiting (5.1%) [5]. Figure 2 displays data obtained from
this systematic review and metaanalysis study of clinical man-
ifestations and evidence of neurological involvement of nearly
4700 SARS-CoV-2 patients from 41 published studies con-
ducted up to May 3, 2020.

Cerebrovascular Event

A study focusing on COVID-19 patients in Italy showed that
despite patients admitted with confirmed infection and venous
thromboembolism prophylaxis administered, there was an in-
crease of ischemic stroke by 2.5% [4]. In addition, COVID-19
patients admitted into the intensive care unit with confirmed
infection in China had an increase of ischemic stroke by 5%
and in the Netherlands had an increase of ischemic stroke by
3.7% [4]. Moreover, younger patients infected with COVID-
19 presented with signs of ischemic stroke [4]. Lastly, any
comorbidities in older patients, such as infection and hyper-
coagulable states, can increase the risk of ischemic stroke [4].

It has been determined that SARS-CoV2 binds to ACE2
receptors on the endothelial cells which causes a massive in-
flammatory response increasing blood vessel constriction,
leading to end-organ damage and stroke; ACE2 recombinant
therapy is a potential treatment for COVID-19-related stroke
[9].

A case report conducted by Briiggemann et al. [23] reported
arterial and venous thromboembolic events in a 59-year-old
male patient who tested positive for COVID-19. He had a past
medical history of peripheral arterial disease and presented to
the ED with pulmonary symptoms (dyspnea, chest pain,
cough), fever, tachycardia, and headache [23]. A CT-
pulmonary angiography (CTPA) was ordered due to high sus-
picions of a pulmonary embolism (PE) due to signs of tachy-
cardia, chest pain, and elevated D-dimer; however, this was
ruled out and imaging further demonstrated COVID-19 pneu-
monia impressions [23]. COVID-19 was confirmed via RT-
PCR [23]. On the fifth day, the patient had developed stroke-
like symptoms, which were confirmed via perfusion and
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vascular volume recordings despite inconclusive brain imaging
with CT. Further management included alteplase for treatment,
and clopidogrel and nadroparin (LMWH) for prophylaxis [23].
Despite therapy, multiple pulmonary embolisms developed on
the seventh day, which was confirmed via the third CTPA
during his admission [23]. The patient was further managed
therapeutically with tinzaparin (LMWH) for PE [23].

Encephalopathy

A retrospective case series conducted 13 January to 12
February 2020, in Wuhan, China, on clinical characteristics
of 113 deceased patients from COVID-19 reported CNS
symptoms such as disorder of consciousness (22%) and hyp-
oxic encephalopathy (20%) [24]. In this study, the deceased
subjects had a median age of 68 and had underlying comor-
bidities of chronic hypertension (48%) and other cardiovascu-
lar conditions (14%) [24].

Filatov et al. [25] reported a case of encephalopathy asso-
ciated with COVID-19. The subject was a 74-year-old male
who recently traveled to the USA from Europe [25]. The pa-
tient initially presented to the ED with a complaint of cough
and fever, with a previous medical history of COPD, atrial
fibrillation, and stroke [25]. Prior to discharge, the patient
had a COPD exacerbation and was managed accordingly
[25]. Initial symptoms worsened which led to hospitalization;
new CNS manifestations of headache and altered mental sta-
tus were noted upon readmittance [25]. The workup for strep-
tococcus pneumonia and influenza were inconclusive, and
CXR impression ground-glass opacities, consistent with
COVID-19 pneumonia [25]. The subject’s neurological
course severely progressed causing impaired verbal commu-
nication and the inability to follow commands [25]. The pa-
tient was tested positive for SARS-CoV-2 [25]. Brain imaging
via CT-scan impression changes were consistent with the pre-
vious history of stroke of the left posterior cerebral artery and
no acute alterations [25]. EEG demonstrated reading was con-
gruous with encephalopathy showing diffuse slowing and



SN Compr. Clin. Med. (2020) 2:2025-2036

2029

focal slowing sharply contoured waves [25]. The pulmonary
status also worsened, prompting ICU admittance and intuba-
tion [25]. Management of his condition included
hydroxychloroquine, antivirals, and antibiotics [25].
Treatment for encephalopathies is mainly supportive, with
the majority of the subjects making a full or partial recovery

[8].
Meningitis/Encephalitis

The first case of COVID-19-associated meningitis was re-
ported in late February of 2020 [26]. This patient had pro-
gressive influenza-like symptoms such as fever, fatigue,
headache, and sore throat [26]. The patient was diagnosed
and treated for influenza despite a negative test result. By
the ninth day, altered consciousness and generalized con-
vulsions were experienced en route to the hospital [26]. The
patient also presented with nuchal rigidity. Despite unfavor-
able results on the nasopharyngeal swab, the CSF RT-PCR
test was positive for COVID-19 [7]. Impressions of brain
imaging demonstrated characteristics of encephalitis of the
hippocampal region and the right mesial lobe [7, 26]. CSF
screening for herpes simplex virus and varicella-zoster an-
tibodies were not detected [26]. The neurological symptoms
caused by COVID-19 have the potential to affect any age
group. Patterns have shown that SARS-COV?2 infection
leads to the presentation of several cytokines that impair
the immune system and increase the neurotropic capacity
of the virus [27]. Accompanying symptoms may include
delirium, psychosis, and myoclonus; Levetiracetam and
clonazepam may be used to treat the accompanying myoc-
lonus [8]. Haloperidol, followed by risperidone, has shown
improvement for psychosis. [8]

Acute Hemorrhagic Necrotizing Encephalopathy

Another complication involving the CNS system is acute nec-
rotizing encephalopathy (ANE), which is a rare condition
caused by a cytokine storm resulting in a breakdown of the
blood-brain barrier without any viral invasion [7, 28]. Some
patients with severe COVID-19 cases presented with cytokine
storm syndrome and, in turn, ANE [7]. Although ANE pre-
dominantly affects pediatric patients, cases have been seen in
adults with COVID-19 [28]. Noncontrast computed tomogra-
phy (CT) of the head showed symmetric, multifocal lesions
with infected areas in the thalamus, cerebral white matter, brain
stem, and cerebellum [28]. The pathophysiology of ANE is not
understood well and treatment with intravenous immunoglob-
ulin (IVIG) and steroids can be administered [28].

A case study conducted by Poyiadji et al. [29] reported
a case of acute hemorrhagic necrotizing encephalopathy
(ANE) in a female patient in her late 50s. The initial
presentation included fever, cough, altered mental status

(AMS), and tested negative for influenza [29]. Following
the negative test, the administration of a nasopharyngeal
swab for SARS-CoV-2 was warranted, confirming the di-
agnosis via RT-PCR [29]. Further testing of CSF for viral
specimens such as HSV, VZV, and West Nile was incon-
clusive. CSF analysis for SARS-CoV-2 was unable to be
completed [29]. A noncontrast head CT and MRI were
performed on brain imaging, which exhibited symmetric
hypoattenuation inside both sides of the medial thalamus
on CT, and hemorrhagic rim enhancing lesions within that
region, and temporal lobes on MRI [29]. The patient was
further treated and managed with IVIG [29].

Intracerebral Hemorrhage

The pathogenesis of intracerebral hemorrhage in COVID-19
patients is best understood by the binding of SARS-CoV-2 to
ACE2 receptors on the endothelial cells. This binding results
in the destruction of ACE2 receptors fundamentally
compromising the integrity of the blood brain barrier and
allowing the virus to enter the CNS [7, 30]. Plus, decreased
expression of ACE2 receptors can negatively impact the
renin-angiotensin system (RAS) complicating the regulation
of the CNS and PNS system affecting the regulation of blood
pressure, potentially resulting in intracerebral hemorrhage [7,
30].

A case report conducted by Sharifi-Razav et al. [15] sum-
marized the correlation of intracerebral hemorrhage in a
COVID-19 confirmed patient. A 79-year-old male presented
to the ED with a loss of consciousness tested positive for
COVID-19 [15]. CT-scan of the brain confirmed an intraven-
tricular and subarachnoid hemorrhage [15]. There were no
underlying conditions such as hypertension or anticoagulation
that predisposed him to an intracerebral hemorrhage [15]. In
patients infected with COVID-19, reports of large vessel oc-
clusion and infarcts, venous thromboembolism, raised inflam-
matory markers, and severe systemic inflammations with or-
gan failure including the brain, are occurring at an alarming
rate [31]. Physicians have to base decisions on administration
anticoagulation with the risk of thrombosis versus the risk of
hemorrhage [31].

A retrospective case series conducted by Benger et al. [30]
reported five ICH cases associated with COVID-19 at King’s
College Hospital between February 1, 2020, and May 14,
2020. All five subjects had nasopharyngeal swabs confirming
SARS-CoV-2 with RT-PCR. The patients were between the
ages of 41-64, with four having underlying comorbidities,
primarily hypertension [30]. All subjects had a median of
32 days from the point of initial SARS-CoV-2 diagnosis
to ICH development [30]. Four patients also had multiple
organ involvement prior to the ICH [30]. The patients were
managed in the ICU and transferred to the stroke unit for
rehabilitation [30].
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Peripheral Nervous System-Related
Symptoms

Complications in COVID-19 patients involving the peripheral
nervous system (PNS) include anosmia, dysgeusia, Guillain—
Barré syndrome (GBS), acute myelitis, skeletal muscle dam-
age, hemophagocytic lymphohistiocytosis (HLH), and/or
Miller Fisher syndrome [4, 8, 22]. Figure 3 depicts the neuro-
logical manifestations affecting the CNS and PNS of 630 con-
firmed SARS- CoV-2 cases from a chronological review of 41
articles [32]. Of the 630 subjects, 23 (3.6%) developed CNS-
related manifestations, which included encephalitis, encepha-
lopathy, and myelitis [32]. A total of 564 (89.6%) developed
PNS-related manifestations such as anosmia, Guillain—Barré
syndrome, cranial nerve palsy, and Miller Fisher syndrome.
43 (6.8%) developed neurovascular symptoms (stroke) [32].
A total of 549 (87%) subjects with PNS symptoms experi-
enced alteration in their sense of smell (anosmia/hyposmia)
[32].

Chemosensory Dysfunction

Among PNS signs and symptoms, chemosensory dysfunc-
tions of anosmia (impaired smell) and ageusia (impaired taste)
were the most predominant PNS symptoms [1, 22]. Anosmia
is thought to be caused by inflammation of the olfactory
nerves causing deterioration to the hair-like receptor cells
[17]. Alteration in taste (hypogeusia/ageusia) may be due to
the significant ACE2 receptors expressed on the tongue,
which are subject to damaging the taste receptors post binding
from the virus [17].

In a study of 630 individuals with confirmed COVID-19
infections, 564 (89.6%) developed PNS-related manifesta-
tions such as anosmia, Guillain—Barré syndrome, cranial
nerve palsy, and Miller Fisher syndrome [32]. Out of these

Neurological complications of COVID-19

® CNs

@ PNS

Neurovascular

Fig. 3 Percentage of CNS, PNS, and neurovascular complications
observed in the COVID-19 patients
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patients with PNS complications, the only symptom that 449
(87%) patients experienced was anosmia (loss of smell) or
hyposmia (reduced sense of smell) [32]. The majority of sub-
jects that developed smell and taste alterations did not require
hospitalization, as they were isolated symptoms without life-
threatening pulmonary or other neurologic features [32].
Figure 3 represents data obtained from this chronological re-
view of 41 articles of 630 confirmed COVID-19 patients with
neurological complications from February to May 2020, and
reported here on July 1, 2020 [32].

A case report by Gane et al. reported a 48-year-old male
who developed anosmia that emerged suddenly over 72 h
without any preceding or accompanying symptoms [33].
The patient is a healthcare professional and was not known
to have any underlying comorbidities [33]. The patient tested
positive for SARS-CoV-2 via RT-PCR testing 2 days later
[33]. The patient had remained symptom-free of pulmonary
or other extrapulmonary-related manifestations 6 days later
and was expected to make a gradual recovery [33]. The au-
thors have referred to this case as “ Isolated Sudden-Onset
Anosmia (ISOA)” [33].

PNS symptoms affecting the smell and taste were frequently
reported globally, and the professional association American
Academy of Otolaryngology-Head and Neck Surgery (AAO-
HNS) recommended these signs and symptoms be used for
screening for potential SARS-CoV-2 infection [7].

Guillain-Barre Syndrome

The first case of COVID-19-associated GBS was recorded on
Jan 23, 2020 [34]. A 61-year-old female presented with pro-
gressive bilateral weakness in her lower extremities [34]. The
patient had traveled to Wuhan, China, and returned 4 days
prior to her presentation; neurological disease course progres-
sively worsened and was examined via nerve conduction stud-
ies, further supporting a demyelinating neuropathy indicating
a diagnosis of GBS and treatment with IVIG [35].
Development of respiratory symptoms following her recent
travel to Wuhan, China, prompted an RT-PCR assay for
SARS-CoV-2, which tested positive [34].

A recent Chinese study reported GBS in five patients that
developed neurological symptoms post incipience of COVID-
19 symptoms [7]. A critical disease course requiring mechan-
ical ventilation due to respiratory incompetence was reported
[7]. Additionally, several patients have shown signs of GBS,
symmetric ascending paralysis that presents after respiratory
or gastrointestinal infection from a virus or bacteria [32].
Patients with confirmed COVID-19 infections, presented with
symmetric weakness 5—14 days after COVID-19 exposure
and presenting symptoms, with a few patients resulting in
respiratory failure [32]. Treatment with IVIG was successful
in resolving GBS symptoms; however, patients with
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respiratory failure did not respond to IVIG treatment and had
poor outcomes [35].

Acute Transverse Myelitis|Acute Necrotizing Myelitis

The proposed pathogenesis for COVID-19-related acute
transverse myelitis and acute necrotizing myelitis is most like-
ly due to cytokine storm [36]; this causes an overwhelming
inflammatory response releasing many macrophages, interleu-
kins, interferons, and chemokines [2, 5, 6, 9].

A case study conducted by Munz et al. [37] of acute trans-
verse myelitis associated with COVID-19 was reported. In the
hospital, a 60-year-old patient presented with respiratory ill-
ness for which the RT-PCR test confirmed a positive SARS-
CoV2 oropharyngeal swab and was managed supportively
[37]. Development of progressive neurological deficits oc-
curred 3 days after discharge; symptoms included bladder
dysfunction and lower extremity deficits bilaterally [37].
After a few days, symptoms progressed to upper motor neuron
lesion symptoms (spastic paresis, positive Babinski) [37].
Spinal imaging displayed impressions indicative of acute
transverse myelitis, which was confirmed on follow-up MRI
[37]. Patients with acute myelitis manage to affect regions of
the central spinal segments that appear hyperintense on T2
sequences with possible cord swelling and display variable
contrast enhancement [38]. In this case report, the disease
course markedly improved following treatment with methyl-
prednisolone [37].

A case report by Sotoca et al. [36] presented a 69-year-old
female patient with the development of neurological manifes-
tations 8 days post cough and fever. Symptoms included pain
in the cervical region, difficulty with balance, weakness, and
numbness of her left hand [36]. Neurological exam upon ad-
mission displayed upper motor neuron lesion (UMN) lesion
exhibitions [36]. A diagnostic workup for autoimmune, vita-
min, infectious etiologies was inconclusive [36]. Brain imag-
ing via MRI did not display any changes, but spinal imaging
suggested acute transverse myelitis due to impressions of dif-
fuse patchy enhancing lesions of T2 hyperintensity from the
medulla to C7 [36]. The patient was confirmed for COVID-19
via RT-PCR of a nasopharyngeal swab [36]. The patient was
initially managed with IV methylprednisolone, but symptoms
progressively worsened by the fifth day [36]. Diffuse patchy
enhancing lesions progressed from C7 to T6, and a new T1
central necrosis of the spinal cord had developed [36]. The
management was further enhanced by adding plasma ex-
change therapy, which displayed a slow improvement in her
symptoms [36].

Skeletal Muscle Damage

Musculoskeletal complications associated with COVID-19 in-
fections have shown evidence of skeletal muscle injury and

myalgias [20]. A startling increase in myalgias in COVID-19
patients has been prevalent and directly related to the severity
of the infection [39]. In a study conducted by Han et al. [40],
data suggested that 52% (13/25) of adult patients aged 22—70
reported symptoms of myalgia and fatigue, being the most
predominant symptoms in adults. Among the 25 adults, 9
(36%) had underlying diabetes, and 7 (28%) had hypertension
[40]. Moreover, patients presented with higher levels of cre-
atinine kinase (CK) in both severe and mild infections of
COVID-19 [20]. In addition, COVID-19 patients receiving
treatment had symptomatic relief of myalgia, along with the
subsequent reduction of the viral load [39].

Neurological Manifestations in Children
Pediatric Multisystem Inflammatory Syndrome

A case series conducted by Abdel-Mannan et al. [41] reported
neurological symptoms associated with COVID-19 pediatric
multisystem inflammatory syndrome (PIMS) in children. This
case series involved four subjects with changes observed in
the corpus callosum splenium via brain imaging [41]. The
patients also prompted admittance to the ICU for the manage-
ment of SARS-CoV-2 PIMS. Subjects were included in the
study if they were under the age of 18 with a confirmed RT-
PCR of COVID-19 from a nasopharyngeal swab or IgG pos-
itive for SARS-CoV-2, and presented neurological presenta-
tions within March 1, 2020, to May 8, 2020 [41]. The onset of
neurological symptoms was new for four subjects as they did
not have an underlying history of neurological disorders or
prior symptoms [41]. The neurological manifestations includ-
ed headache, muscle weakness, and decreased reflexes [41].
More severe symptoms such as encephalopathy and brainstem
and cerebellar traits were also observed. Interestingly, all four
patients did not exhibit pulmonary-related signs and symp-
toms throughout the disease course and study [41]. All four
subjects demonstrated neurological improvement of their
symptoms, with two advancing a full restoration [41].

Figure 4 depicts all the neurologic complications reported
with COVID-19 patients. It will be important to evaluate in
the recovered COVID-19 patients whether these pathophysi-
ological manifestations will have any long term neurological
complications.

Discussion

COVID-19 is the seventh and newest addition to the beta-
coronaviridae (coronavirus) family; it is an enveloped, sin-
gle-stranded, positive-sense, RNA virus. The mechanisms in-
volved in causing neurological damage are aplenty [7].
Despite the diverse mechanisms involved in causing CNS
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Fig. 4 Summary of the
neurological complications
reported in COVID-19 patients
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and PNS damage, the most identifiable pathophysiology in
COVID-19 includes direct disruption of ACE2 receptors,
cytokine-induced injury, hypoxia, and hypercoagulability [6,
7].

COVID-19 is thought to cause an inflammatory reaction
weakening the blood-brain barrier allowing the virus to enter
the CNS; the blood-CSF barrier of the choroid plexus is also
weakened during this inflammatory response [5]; this is ac-
complished via disruption of ACE2 receptors of the endothe-
lial cells [5, 9, 16, 17, 42]. Expression of ACE2 receptors is
also seen on the heart, kidneys, small intestines, testes, brain,
and lungs; the level of expression varies regionally [18, 19,
43]. Binding of COVID-19 to endothelial cells induces a mas-
sive inflammatory response causing an increase in inflamma-
tory mediators such as TNF-alpha, and interleukin 6 (IL-6)
[44]. IL-6 synthesizes acute phase reactants such as CRP,
amyloid, and fibrinogen. The increased levels of fibrinogen
induce a hypercoagulable state within the body. Since ACE2
receptors are found on lung epithelial tissue, hypoxia is evi-
dently observed in COVID 19 patients, due to direct alveolar
damage [18, 42]. It is presumed that there are two probable
routes for COVID-19 entry into the CNS: hematogenous
spread and retrograde transmission [9]. Intracerebral hemor-
rhage is possibly due to SARS-CoV2 binding to ACE2 recep-
tors leading to decreased expression of the ACE2 receptors, in
turn, weakening the barriers, thus, affecting the regulation of
blood pressure [7]. Nonetheless, retrograde travel of SARS-
CoV-2 via the olfactory tract is thought to be the culprit of
chemosensory disturbances presenting as alterations of taste
and smell [9, 44-46].

The prognostic value and biomarkers of the SARS-CoV-2
and its effects on the CNS and PNS vary among subjects
depending on age, comorbidities, immunocompetency, and
disease severity. As SARS-CoV-2 exerts its mechanism via
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overactivation of the inflammatory response, increased hyper-
coagulability, and decreased anticoagulable processes, inflam-
matory markers, and coagulation tests may be predictive of
prognosis [47]. A study conducted by Liu et al. [47] reported
conventional hematologic analysis examining coagulation pa-
rameters; Prothrombin time, fibrin degradation products
(FDP), and p-dimer (DD) served as prognostic biomarkers
for individuals with increased mortality in COVID-19 con-
firmed ICU subjects. The study also reported antithrombin
I (ATIII) as a biomarker for increased survival in ICU pa-
tients, concluding PT, DD, FDP, and ATIII to be predictors of
prognosis [47].

The prognostic value of inflammatory markers interleukin-
6 and C-reactive protein may also provide insight into the
COVID-19 disease severity [48]. A retrospective study con-
ducted by Liu et al. [48] of 140 COVID-19 confirmed cases
demonstrated elevated serum levels of interleukin-6 (67.9%)
and C-reactive protein (65.0%) in subjects, with inflammatory
marker levels correlating with disease severity; levels greater
than 32.1 pg/mL and 41.8 mg/L respectively indicating a more
severe disease state. Interleukin-6 and C-reactive protein
could be utilized as individual determinants to prognosticate
patient outcomes as they are predicted to be major players in
the aggravated inflammatory response and hypercoagulability
in COVID-19 patients [48].

Of the neurologic complications that may arise from hy-
percoagulability: cerebrovascular disease, ischemic stroke,
and hemorrhagic stroke remain of significant concern.
Timely management can increase the survival rate and have
a favorable prognosis decreasing long term effects [10]. A
case series reported by Wang et al. [11] showed transient
improvements in patients when treated with a tissue plasmin-
ogen activator (tPA), with therapeutic effects waning with
discontinuation of the treatment. Based on earlier research, it
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is understood that COVID-19 activates platelets and the
clotting cascade [9]. Thus, in the event of neurovascular dis-
ease as a result of hypercoagulability, the prognosis is heavily
reliant on thrombolytic therapy administered promptly and
should be profoundly considered [9].

A study conducted by Carfi et al. [49] reported persistent
neurological manifestations in a small number of subjects with
a mean age of 56.5. Although fatigue (53.1%), dyspnea
(43.4%), joint pain (27.3%), and chest pain (21.7%) have been
commonly reported, there is limited research suggesting long-
term prognosis of the neurologic manifestations [49]. 44.1%
of the elderly patients reported decreased quality of life and
did not confirm if this was due to CNS- or PNS-related pur-
poses [49]. In terms of long-term prognosis, it can be hypoth-
esized that complications may potentially arise as lingering
adverse effects of COVID-19 in this vulnerable population
[49]. Prospective follow-up analytic investigations are crucial
in determining the long-term outcomes of the SARS-CoV-2
pandemic [8].

The number of COVID-19 cases compared with the num-
ber of deaths worldwide reflects that the majority of patients
infected with this virus predominately recover from their ill-
ness [50]. However, the striking number of COVID-19 deaths
is a cause for concern. Assessing major biomarkers seen in
laboratory testing can foresee the potential complications that
may occur following the onset of disease, thus, predicting the
prognosis and outcome [50]. Decreased number of lympho-
cytes, markedly increased neutrophils to lymphocytes ratio
(NLR), decreased platelet count, increased D-dimer, PT,
LDH, ALT, and AST reflect poor prognosis possibly leading
to increased severity of disease and mortality [50].

Neurodegenerative disorders typically have late onset of
symptoms commonly occurring after the age of 60. As of late,
it is too early to predict if SARS-CoV-2 will be associated
with neurodegenerative disease progression, severity, or ear-
lier onset of illness. During this systematic review of the as-
sociation among COVID-19 and the neuronal complexities of
this age group, it can be hypothesized that viral particles en-
tering the CNS may cause an additive effect on the inflamma-
tory processes occurring in susceptible individuals. Further
studies are necessary to determine whether there is an associ-
ation between neurodegenerative illnesses like Alzheimer’s
and Parkinson’s disease with COVID-19.

Limitations

This literature review focuses on the neurologic manifesta-
tions and complications of COVID-19 and poses several lim-
itations such as subjects with multiple underlying comorbid
conditions demonstrating a worse prognosis to COVID-19,
low number of patient reports as information is largely based
on case reports, as well as a risk of bias is possible. It is not

very clear whether the neurological manifestations are occur-
ring as a primary infection or secondary characteristics to sys-
temic causes of disease. With rapidly emerging research re-
garding COVID-19, more data is required to further support
existing findings.

Conclusion

During this article, the authors conducted a literature review of
over 200 articles and used 52 articles of COVID-19-
associated central nervous system— and peripheral nervous
system-related manifestations and complications. In this liter-
ature review, multiple studies confirm the presence of neuro-
logical findings in COVID-19 patients; common manifesta-
tions include headache, dizziness, alterations of taste and
smell, encephalopathy, encephalitis, GBS, cerebrovascular
disease, and skeletal muscle injuries in predisposed patients.
This can affect the quality of life due to its debilitating nature
and carries a significant risk for mortality.

Individuals with underlying health conditions have in-
creased susceptibility to acquiring SARS-CoV-2 compared
with subjects without comorbidities; hypertensive patients
have shown to be more prone to developing neurological
manifestations. Among the patient population affected with
COVID-19 that demonstrated neurologic manifestations,
children were also susceptible to the development of symp-
toms. The outcome in children was quite promising when
compared with the elderly population in terms of recovery.
In fact, children presented with little to no underlying co-
morbidities, and did not develop pulmonary manifestations
during the presence of neurological exhibitions. It is possi-
ble that neurological presence may have been secondary to
PIMS. With the progression of the COVID-19 pandemic
and increasing numbers of extrapulmonary and neurologi-
cal cases, further studies and published articles are of great
importance to better understand disease presentations, treat-
ment, and outcomes. Throughout the systematic literature
review of COVID-19 and the neurological manifestations
and complications, it is not entirely transparent if the signs
and symptoms are primarily due to COVID-19 entering the
CNS via the angiotensin-converting enzyme (ACE) II, or
events following hypoxia, hypercoagulability, or systemic
inflammatory responses [32].

COVID-19 is affecting individuals worldwide and de-
mands global public health measures to control the rapid
spread of this debilitating virus. It is a collective duty to take
precautionary action in order to prevent further spread of
COVID-19. Disease prevention via isolation, quarantine,
wearing a face mask, hand washing, and social distancing
are essential public health measures to prevent the spread of
COVID-19 within communities.
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